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MATERIALS AND METHODS

Isolation of Crude
Once in solution, the DNA was digested with RNase A (preincubated for 10 min at 95 C) at 50 [ig/ml for 90 min at 37 C and digested with 200 yIg/ml of pronase (preincubated for 45 min at 37 C) for 90 min at 37 C. The DNA was then extracted with chloroform-isoamyl alcohol (24:1) three times and reprecipitated with ethanol. The DNA was redissolved and reprecipitated with ethanol.
The DNA was sheared to an average 350 nucleotides by three passes through a French pressure cell at 50 000 p.s.i. and passed over Chelex-100 (Bio-Rad) before renaturation.
Preparation of "25I-labeled DNA. Pea DNA (350 nucleotides) was incubated to Cot 400 and the single strand fraction (15%) isolated on HAP.2 This material was concentrated and labeled with 1251 using a modified Commerford (4) procedure (6).
Renaturation of DNA. DNA fragments were denatured at 100 C and renatured in 0.12 M Na-phosphate buffer (pH 6.8) at 60 C and 70 C and in 0.48 M PB at 71 C and 81 C. Samples were then diluted to 0.03 M PB and passed over HAP at 60 C to check for degradation. Samples with more than 10% of the DNA not binding to HAP in 0.03 M PB were discarded. The single strand fraction was then eluted with 0.12 M PB and the double strand fraction denatured at 100 C and eluted with 0.12 M PB.
Optical renaturation was carried out in a Gilford 2400 spectrophotometer equipped with a water-jacketed sample compartment. Samples were denatured, loaded into the sample compartment, and the decrease in hyperchromicity monitored.
Renaturation of 125I-labeled DNA was carried out in 0.12 M PB at 60 C and in 0.48 M PB at 65 C. After renaturation, samples were diluted to 0.12 M PB and passed over HAP in 0.12 M PB. The double strand fraction was eluted with 0.4 M PB. The renaturation of the driver DNA was followed optically; the fraction of the 125I tracer in hybrid was measured by trichloroacetic acid precipitation of the HAP fractions.
Fits of second order components to the data were calculated using a nonlinear least squares computer program (10).
RESULTS
We have used three renaturation assays to determine the fraction of single copy and the single copy rate constant in the pea genome. HAP binding and decrease in hyperchromicity assays of total pea DNA provide measures of the single copy fraction and rate. In addition, a slowly renaturing fraction has been isolated and labeled to search for a small fraction, high complexity component. The renaturations of total DNA were carried out at standard criterion (60 C, 0.12 M PB) and at a higher criterion (70 C, 0.12 for HAP assay, 66 C, 0.12 for optical assay) to look for repetitive fractions caused by very poorly matched sequences.
HAP Cot Curves. Optical Cot Curves. HAP fractionation measures the formation of duplex-containing complexes. Strands containing duplexes longer than 20 to 40 nucleotides are retained on HAP although a large fraction of the retained strands may be single-stranded. Repeated sequences 300 nucleotides long separated by single copy sequences of equal length would cause the amount of DNA bound to HAP to be twice the actual amount of repetitive sequences.
Optical renaturation-measuring the fraction duplex by renaturing the DNA in a spectrophotometer-measures the true duplex fraction in the DNA. Single strand ends of duplexed molecules contribute no more to the hyperchromicity measurement than unduplexed single strand molecules. Figure 2 , A and B displays the renaturation of pea DNA at 60 C and 66 C in the spectrophotometer. These curves show the same large repetitive fraction seen in the HAP Cot curves. In these curves it is about 70%. Again, a number of multicomponent curves were fit to the data. Table II We have increased the sensitivity of our measurement more than 4-fold by isolating a slowly renaturing fraction of the genome, labeling it in vitro with 1251 and driving that tracer with whole-pea DNA. Pea DNA was renatured to Cot 400 and the single strand fraction separated on HAP. This material was labeled with 1251 using the Commerford (4, 6) procedure and driven by whole unlabeled DNA. Fifteen per cent of the DNA was isolated and labeled for this experiment so a 10% single copy fraction in whole DNA should appear as more than 50% of the DNA after the purification. The renaturation curve in Figure 3 (Table III shows root tips (9, 13) . We now know (8) that the majority of stem cells of the pea are 4X to 16X polyploid. Walbot and Dure (14) made a similar discovery on measuring the kinetics of reassociation of cotton DNA. We believe that the complexity measured from the rate of renaturation of single copy DNA (3, 7) provides a more accurate value for the genome size.
